To help in isolating the genes involved in Down syndrome, we sought CpG islands in 4 Mb cosmid/PAC contigs spanning most of the 21q.22.2 band using seven rare cutting enzymes. A striking feature was observed upstream of h5/M2 where at least 41 rare-cutting sites were clustered within a 20-kb region. To investigate the structure of the cluster, a cosmid containing hSIM2 was submitted to shotgun sequencing. Sequence analysis revealed that the cluster was a long CpG island extending 19, 128 nucleotides which includes in the first and second exons of hS7M2. Taken together with our observation in which the CpG islands were concentrated within 1.2 Mb around hSIM2, we propose that this region functions as an R-band, and the cluster provides a unique element for marking of DNA for the spatial and temporal expression of the hSIM2 locus.
Although Down syndrome (DS) is usually caused by a full trisomy of chromosome 21, 1 a subset of the phenotypic features is exhibited by rare patients carrying extra portions of this chromosome (partial trisomy). Molecular analysis has indicated that most of them are correlated with a relatively small region spanning 0.4 to 3 Mb around the marker D21S55 in the cytogenetic G-band of 21q22.2. This region has been referred to as the Down syndrome chromosomal region or DCR. 2 ' 3 This raises questions as to whether there exist any candidate genes transcribed from the inert G-band and, if present, how they can induce the multiple phenotypes exhibited by DS patients. To identify genes involved in the DS phenotypes, we constructed an ordered clone library with Mbsized cosmid/PAC contigs spanning most of the DCR, 4 ' 5 and sought potential CpG islands in the contigs using the rare cutting enzymes since CpG islands frequently appear in widely expressed genes such as housekeeping genes. 6 A striking feature was observed upstream of single-minded gene2 (hS/M2) where at least 41 rare-cutting sites clustered within 20 kb. 7 In this paper, we analysed the sequence in this region, and found that the cluster was an extraordinarily long CpG island containing the first and second exons of h5/M2.
A cosmid clone, LL21NC02 Q16F8, containing the CpG cluster and h.SIM2 was submitted to shotgun seCommunicated by Mituru Takanami * To whom correspondence should be addressed. Tel. +81-298-36-9122, Fax. +81-298-36-9140, E-mail: soeda@rtc.riken.go.jp quencing, and a total sequence of the cosmid was deduced to be 42,666 bp in length (DDJB accession number: D85922). To locate and characterize the CpG-cluster, we plotted the moving average values for G + C% and for Obs/Exp CpG 8 with the aid of the program package "CpGplot" utilizing the GCG network service. A region from nucleotides 3,789 to 22,917 showed common features of CpG island; average values for G + C% of about 60 and Obs/Exp CpG greater than 0.63 were distinctly different from those of the flanking sequences (G + C% of 45 and Obs/Exp of 0.30, respectively). The distributions of CpG dinucleotides and rare cutting sites along the sequence were distinguishable from those of the flanking sequences (Fig. 1) . Since CpG islands extend from 0.2 to 1.4 kb at either the 5' or 3' regions of vertebrate genes or both, 8 ' 9 we designated the cluster as a long CpG island. For the identification of associated genes, a survey of the sequence databases was initiated, utilizing the BLASTN network service homology search program. 10 Two sequences (accession numbers U41479 and U41478) of cosmid Q39D1 from the same library we used were located in the sequence spanning nucleotides 6,606 to 9,237, and 32,378 to 34,324, respectively. Three sequences (accession numbers U43378, U43380, and U43382) of Q55C11 from the same library were found to overlap each other, and corresponded to nucleotides 38,094 to 42,341. The sequences from the Not I linking clones reported independently by two groups 11 ' 12 provide the landmarks (nucleotides 20712 to 21651 for accession num- was submitted to shotgun sequencing. 24 The nucleotide sequence of 42,666 bp was completed by the assembly of sequences generated from approximately 400 random clones, followed by gap sealing with synthetic primers. The resulting sequence was analyzed with the aid of the computer programs, "BLASTN" 10 and "CpGplot" in the GCG network service. The composite maps with the seven restriction enzymes used for the search of CpG islands are indicated by the horizontal lines with short crosses on the top row. CpG island was defined as a region with a moving average C + G% of above 50 and a moving average Obs/Exp CpG of greater than 0.6 
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Helix I Loop Helix II Figure 2 . Comparison of the amino acid sequences deduced from the initiation codon of hSIM2, mouse and Drosophila sim 2 cDNAs.
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The sequence comparison with mouse cDNA (accession number U40576) enabled delimitation between the exons and introns of hSIM2 (Table) . The amino acid sequences predicted from the exon sequences were aligned with those from mouse and Drosophila (accession number M19020) sim cDNAs so as to maximize the homologies, inserting gaps indicated by dots. The identical sequences with hSIM are shown in boxes.
ber M97559; nucleotides 20,872 to 21,278 for accession number D12986). Another Not I linking clone (accession number D12990) was mapped at nucleotides 13,148 to 13,552. Five of the six exons present in the sequence had been trapped and registered in the databases (accession numbers D44444 to D44447 and X83513). These were assigned precisely to the sequence by the homology alignment with the mouse sim cDNA (accession number U40576) since there is 90% homology in the coding regions for the nucleotide sequence and 98% for the amino acid sequence (Table 1 ). Significant but less homology (77%) was also found in the 5' non-coding region 936 bp upstream of the transcription starting site (nucleotide 10,600). The result indicates that most of the CpG cluster consists of the 5'-regulatory domains (7796 bp) and introns (11,120 bp) , while the first (174 bp) and second exons (87 bp) share small parts (Fig. 1) .
The first exon of h57M2 resides at the center of the cluster and is capable of encoding the basic-helixloop-helix (bHLH) motif which is a characteristic of a large family of transcription factors (Fig. 2) . This sequence is highly conservative among human, mouse (accession number U40576) and Drosophila (accession num- ber Ml9020), and is assumed to direct the formation of dimers, while an adjacent basic region mediates DNA binding. 13 It is worth noting that the 5' CpG-rich noncoding region in the first exon is long enough to interact with translation factors, and is also conservative between humans and mice. It has been reported that CpG islands have an open chromatin structure in DNA, providing the site for interaction with transcription and replication factors.
14 Therefore, it is conceivable that hSIM2 is able to autoregulate its own expression and that the CpG cluster provides a unique element for the marking of DNA that allows the spatial and temporal expression. In Drosophila, the sim functions as a master developmental regulator of the CNS midline linkage which is required for maintaining proper levels of its own transcription. 15 ' 16 hSIM2 was originally isolated in the exon trapping experiments as a human homologue of the Drosophila sim gene.
17 ' 18 By analogy to the role of sim, 16 it has been proposed that the hSIM2 gene contributes to some of the dysmorphic features, brain development and/or mental retardation in Down syndrome. 17 Very recently, it was reported that the translocation breakpoint t (4:21) of a Japanese DS family with partial trisomy has been precisely mapped outside of h5/M2, 19 suggesting that hS7M2 is not involved directly in these phenotypes. 20 We found that 19 CpG islands were concentrated within a 1.2-Mb region containing the cluster whereas only 5 islands were scattered in the remaining 2.8 Mb (unpublished observation). It was recently shown that the density of CpG islands is correlated with cytogenetic band, gene population and its activity; 21 R-bands by Giemsa staining are highly dense in CpG islands, generich, and replicated early in the synthetic phase of the cell cycle. The chromosome 21 maps have consistently shown an overall correlation between R-bands, high CpG content and gene-rich regions. 22 ' 23 Our finding of the CpG cluster extending 19 kb renders possible a scenario that \\SIM2 and the surrounding genes could function as an R-band. 7 
